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1
BUFFER STATUS REPORTING AND
LOGICAL CHANNEL PRIORITIZATION IN
MULTIFLOW OPERATION

CROSS-REFERENCE TO RELATED
APPLICATION(S)

This application claims the benefit of U.S. Provisional
Application Ser. No. 61/723,698, entitled “BUFFER STA-
TUS REPORTING AND LOGICAL CHANNEL PRIORI-
TIZATION IN MULTIFLOW OPERATION” and filed on
Nov. 7, 2012, which is expressly incorporated by reference
herein in its entirety.

BACKGROUND

1. Field

Aspects of the present disclosure relate generally to wire-
less communication systems, and more particularly, to mul-
tiflow communications between a wireless device and mul-
tiple network nodes.

2. Background

Wireless communication networks are widely deployed to
provide various communication services such as voice, video,
packet data, messaging, broadcast, and the like. These wire-
less networks may be multiple-access networks capable of
supporting multiple users by sharing the available network
resources. Such networks, which are usually multiple access
networks, support communications for multiple users by
sharing the available network resources. One example of such
a network is the Universal Terrestrial Radio Access Network
(UTRAN). The UTRAN is the radio access network (RAN)
defined as a part of the Universal Mobile Telecommunica-
tions System (UMTS), a third generation (3G) mobile phone
technology supported by the 3rd Generation Partnership
Project (3GPP). Examples of multiple-access network for-
mats include Code Division Multiple Access (CDMA) net-
works, Time Division Multiple Access (TDMA) networks,
Frequency Division Multiple Access (FDMA) networks,
Orthogonal FDMA (OFDMA) networks, and Single-Carrier
FDMA (SC-FDMA) networks.

A wireless communication network may include a number
of base stations or Node-Bs that can support communication
for a number of user equipments (UEs). A UE may commu-
nicate with a base station via downlink and uplink. The down-
link (or forward link) refers to the communication link from
the base station to the UE, and the uplink (or reverse link)
refers to the communication link from the UE to the base
station.

Some UEs such as smartphones support many types of
communications that have different quality of service (QoS)
requirements. For example, some types of communications
such as voice communications have more stringent require-
ments in terms of latency while other types of communica-
tions such as web browsing and FTP have lower requirements
in terms of latency but require a much lower packet loss rate.
Supporting different types of communications from many
active UEs presents challenges in modern communication
systems.

SUMMARY

In multiflow operation, a user equipment (UE) may have
multiple active component carriers for communication with
multiple eNBs at the same time. In some instances, the eNBs
may have a fiber or other high capacity connection that allows
the eNBs to dynamically control uplink data flow from the UE
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to the multiple eNBs on a frame by frame basis. In other
instances, the eNBs may be able to exchange semi-static
information (e.g., context information, radio resource con-
trol, etc.) but may not be able to dynamically control data
flow.

Described embodiments are directed to providing uplink
flow control for uplink component carriers in multiflow
operation. Some embodiments are directed to uplink report-
ing in multiflow operation. These embodiments include tech-
niques for managing Scheduling Requests (SR) and Buffer
Status Reporting (BSR) for multiflow operation. Some
embodiments are directed to logical channel prioritization in
multiflow operation. These embodiments include techniques
for managing mapping of packet payloads to uplink grants for
multiflow operation.

Some embodiments utilize bearer level splitting for uplink
reporting where the UE associates bearers or logical channel
groups (LCGs) with nodes for uplink reporting. The UE may
perform uplink reporting independently for each node based
on the available data for uplink transmission in the LCG
buffers associated with the node.

Some embodiments utilize packet level splitting where the
UE groups buffers for all LCGs into a common pool for
uplink reporting. In some packet level splitting embodiments,
the UE may perform uplink reporting based on the total
amount of data available for transmission in the common
buffer pool for reporting buffer status. In some packet level
splitting embodiments, scaling coefficients may be deter-
mined for each node and uplink reporting may be based onthe
total amount of data available for transmission in the common
buffer pool scaled by the respective coefficients.

In one aspect of the disclosed embodiments, a method of
wireless communication performed by a user equipment
(UE) in communication with a first cell and a second cell
includes establishing a first component carrier at the UE
associated with the first cell, establishing a second component
carrier at the UE associated with the second cell while main-
taining the first component carrier, determining a set of logi-
cal channel groups having available data for uplink transmis-
sion from the UE, transmitting first uplink reporting
information to the first cell, the first uplink reporting infor-
mation based at least in part on the available data, and trans-
mitting second uplink reporting information to the second
cell, the second uplink reporting information based at least in
part on the available data. The first uplink reporting informa-
tion may be transmitted to the first cell over the first compo-
nent carrier and the second uplink reporting information may
be transmitted to the second cell over the second component
carrier. The method may include receiving a first configura-
tion assigning first resources for transmission of uplink grant
requests for the first component carrier and receiving a second
configuration assigning second resources for transmission of
uplink grant requests for the second component carrier.

In some embodiments utilizing bearer level splitting for
uplink reporting, the method includes associating a first logi-
cal channel group of'the set of logical channel groups with the
first cell, determining a first buffer status value based at least
in part on a first amount of the available data associated with
the first logical channel group, associating a second logical
channel group of the set of logical channel groups with the
second cell, and determining a second buffer status value
based at least in part on a second amount of the available data
associated with the second logical channel group. The
method may include reporting the first buffer status value to
the first cell in the transmission of the first uplink reporting
information, and reporting the second buffer status value to
the second cell in the transmission of the second uplink
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reporting information. The first logical channel group and the
second logical channel group may be associated with the
same logical channel identifier at the radio link control sub-
layer of the UE.

In some embodiments, the method utilizes packet level
splitting for uplink reporting. In these embodiments, the
method includes detecting that a buffer status reporting con-
dition has occurred for the first cell, determining a first buffer
status value based at least in part on a total amount of the
available data for the set of logical channel groups upon
occurrence of the buffer status reporting condition for the first
cell, and reporting the first buffer status value to the first cell
in the transmission of the first uplink reporting information.

In some packet level splitting embodiments, the method
includes detecting a subsequent buffer status reporting oppor-
tunity associated with the second cell, determining a second
buffer status value based at least in part on the total amount of
the available data for the set of logical channel groups at a
time of the occurrence of the buffer status reporting condition
for the first cell, reporting the second buffer status value to the
second cell in the transmission of the second uplink reporting
information. The reporting of the first buffer status value to
the first cell may be performed using first resources of the first
component carrier and the reporting of the second buffer
status value to the second cell may be performed using second
resources of the second component carrier. The first and sec-
ond resources may be corresponding resources, or the first
and second resources may be orthogonal resources. The
method may include signaling a first scheduling request to the
first cell to request the first resources and signaling a second
scheduling request to the second cell to request the second
resources. The signaling of the first scheduling request may
include transmission of the first scheduling request on the first
component carrier and the signaling of the second scheduling
request may include transmission of the second scheduling
request on the second component carrier.

In some packet level splitting embodiments, the method
includes detecting a subsequent buffer status reporting oppor-
tunity associated with the second cell, determining a second
buffer status value based at least in part on a subsequent total
amount of the available data for the set of logical channel
groups upon occurrence of the subsequent buffer status
reporting opportunity, and reporting the second buffer status
value to the second cell in the transmission of the second
uplink reporting information.

In some packet level splitting embodiments, the method
includes establishing a first component carrier at the UE
associated with the first cell, establishing a second component
carrier at the UE associated with the second cell while main-
taining the first component carrier, determining a set of logi-
cal channel groups having available data for uplink transmis-
sion from the UE, detecting that a first buffer status reporting
condition has occurred, determining a first buffer status value
based at least in part on a total amount of the available data for
the set of logical channel groups upon occurrence of the first
buffer status reporting condition, comparing the total amount
of the available data to a threshold, and reporting the first
buffer status value to the first cell, the second cell, or both
based on the comparison.

In some packet level splitting embodiments, the method
includes determining a first buffer reporting coefficient asso-
ciated with the first cell and a second buffer reporting coeffi-
cient associated with the second cell. The first buffer status
value may be determined based at least in part on the total
amount of the available data for the set of logical channel
groups and the first buffer reporting coefficient and the second
buffer status value may be determined based at least in part on
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the total amount of the available data for the set of logical
channel groups and the second buffer reporting coefficient.
The first and second buffer reporting coefficients may be
determined by the UE based at least in part on one or more of
loading information, channel quality, and/or measured ser-
vice metrics associated with one or both of the first or second
cells.

In some packet level splitting embodiments, the scaling
coefficients for each cell may be determined for each logical
channel group. For these embodiments, the method includes
determining a first buffer reporting coefficient associated
with the first cell for a first logical channel group of the set of
logical channel groups, determining a second buffer reporting
coefficient associated with the first cell for a second logical
channel group of the set of logical channel groups. The
method may include transmitting a first set of data associated
with the first logical channel group in a first portion of an
uplink grant of the first component carrier, wherein the first
portion of the uplink grant is allocated to the first logical
channel group in accordance with the first buffer reporting
coefficient and/or transmitting a second set of data associated
with the second logical channel group in a second portion of
the uplink grant, wherein the second portion of the uplink
grant is allocated to the second logical channel group in
accordance with the second buffer reporting coefficient.

Some embodiments are directed to a method for wireless
communications performed by a first cell of a wireless com-
munications network. The method may include establishing a
first component carrier for communication with a UE, deter-
mining an uplink service ratio associated with the UE for
allocating resources of the first cell and a second cell in
communication with the UE over a second component carrier,
receiving uplink reporting information indicating an amount
of'uplink data available at the UE for transmission to the first
cell, and scheduling uplink resources of the first component
carrier for the UE based at least in part on the uplink reporting
information. The uplink service ratio may be determined
based at least in part on loading information associated with
one or both of the first or second cells. The method may
include determining a scaling coefficient for the first compo-
nent carrier based on the uplink service ratio, and transmitting
the scaling coefficient to the UE.

Other disclosed embodiments include an apparatus includ-
ing modules configured to perform the disclosed methods, an
apparatus including one or more means for performing the
disclosed methods, and computer program products that
include program code for performing the disclosed methods.

Further scope of the applicability of the described methods
and apparatuses will become apparent from the following
detailed description, claims, and drawings. The detailed
description and specific examples are given by way of illus-
tration only, since various changes and modifications within
the spirit and scope of the description will become apparent to
those skilled in the art.

BRIEF DESCRIPTION OF THE DRAWINGS

A further understanding of the nature and advantages of the
present invention may be realized by reference to the follow-
ing drawings. In the appended figures, similar components or
features may have the same reference label. Further, various
components of the same type may be distinguished by fol-
lowing the reference label by a dash and a second label that
distinguishes among the similar components. If only the first
reference label is used in the specification, the description is
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applicable to any one of the similar components having the
same first reference label irrespective of the second reference
label.

FIG. 1 shows a block diagram of a wireless communica-
tions system in accordance with various embodiments;

FIG. 2 is a diagram illustrating a network architecture in
accordance with various embodiments;

FIG. 3 is a diagram illustrating an example of a downlink
frame structure in accordance with various embodiments;

FIG. 4 is a diagram illustrating an example of an uplink
frame structure in accordance with various embodiments;

FIG. 5 is a diagram illustrating an example of a radio
protocol architecture for the user and control planes in accor-
dance with various embodiments;

FIG. 6 illustrates a wireless communications system for
multiflow uplink communications using bearer level splitting
in accordance with various embodiments;

FIG. 7 illustrates a block diagram of a method for bearer
level splitting in multiflow operation in accordance with vari-
ous embodiments;

FIG. 8 illustrates a wireless communications system for
multiflow uplink communications using packet level splitting
in accordance with various embodiments;

FIG. 9A illustrates a method for uplink reporting using
packet level splitting in accordance with various embodi-
ments;

FIG. 9B illustrates a method for uplink reporting using
scaling coefficients for packet level splitting in accordance
with various embodiments;

FIG. 10A illustrates a method for reporting buffer status
based on the actual amount of data in the buffer pool in
accordance with various embodiments;

FIG. 10B illustrates a method for reporting buffer status to
each node based on the amount of data in the buffer pool at the
time of a first BSR trigger in accordance with various embodi-
ments;

FIG. 11 shows a flow diagram illustrating an example of
multiflow operation between a UE and multiple nodes in
accordance with various embodiments.

FIG. 12A is a block diagram that illustrates a device for
uplink reporting in multiflow operation in accordance with
various embodiments;

FIG. 12B is a block diagram that illustrates a device for
uplink reporting in multiflow operation using bearer level
splitting in accordance with various embodiments;

FIG. 12C is a block diagram that illustrates a device for
uplink reporting in multifiow operation using packet level
splitting in accordance with various embodiments.

FIG. 13 is a block diagram that illustrates a device for
managing uplink resources in multiflow operation in accor-
dance with various embodiments;

FIG. 14 is a block diagram of a mobile device configured
for uplink reporting in multiflow operation in accordance
with various embodiments;

FIG. 15 shows a block diagram of a communications sys-
tem that may be configured for uplink reporting in multiflow
operation in accordance with various embodiments; and

FIG. 16 is a block diagram of a system for uplink reporting
in multiflow operation in accordance with various embodi-
ments.

DETAILED DESCRIPTION

Methods, systems, and devices are described for uplink
reporting and logical channel prioritization in multiflow
operation. Some embodiments manage Scheduling Requests
(SR) and Buffer Status Reporting (BSR) for multiflow opera-
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tion. Some embodiments manage mapping of packet pay-
loads to uplink grants for multiflow operation.

Some embodiments utilize bearer level splitting for uplink
reporting where the UE associates bearers or logical channel
groups (LCGs) with nodes for uplink reporting. The UE may
perform uplink reporting independently for each node based
on the available data for uplink transmission in the LCG
buffers associated with the node.

Some embodiments utilize packet level splitting where the
UE groups buffers for all LCGs into a common pool for
uplink reporting. In some packet level splitting embodiments,
the UE may perform uplink reporting based on the total
amount of data available for transmission in the common
buffer pool for reporting buffer status. In some packet level
splitting embodiments, scaling coefficients may be deter-
mined for each node and uplink reporting may be based onthe
total amount of data available for transmission in the common
buffer pool scaled by the respective coefficients.

The techniques described herein may be used for various
wireless communication networks such as CDMA, TDMA,
FDMA, OFDMA, SC-FDMA and other networks. The terms
“network” and “system” are often used interchangeably. A
CDMA network may implement a radio technology, such as
Universal Terrestrial Radio Access (UTRA), Telecommuni-
cations Industry Association’s (TIA’s) CDMA2000®, and
the like. The UTRA technology includes Wideband CDMA
(WCDMA) and other variants of CDMA. The CDMA2000®
technology includes the IS-2000, IS-95 and IS-856 standards
from the Electronics Industry Alliance (EIA) and TIA. A
TDMA network may implement a radio technology, such as
Global System for Mobile Communications (GSM). An
OFDMA network may implement a radio technology, such as
Evolved UTRA (E-UTRA), Ultra Mobile Broadband
(UMB), IEEE 802.11 (Wi-Fi), IEEE 802.16 (WiMAX), IEEE
802.20, Flash-OFDMA, and the like. The UTRA and
E-UTRA technologies are part of Universal Mobile Telecom-
munication System (UMTS). 3GPP Long Term Evolution
(LTE) and LTE-Advanced (LTE-A) are newer releases of the
UMTS that use E-UTRA. UTRA, E-UTRA, UMTS, LTE,
LTE-A and GSM are described in documents from an orga-
nization called the “3rd Generation Partnership Project”
(3GPP). CDMA2000® and UMB are described in documents
from an organization called the “3rd Generation Partnership
Project 2” (3GPP2). The techniques described herein may be
used for the wireless networks and radio access technologies
mentioned above, as well as other wireless networks and
radio access technologies. For clarity, certain aspects of the
techniques are described below for LTE or LTE-A (together
referred to in the alternative as “LTE/-A”) and use such
LTE/-A terminology in much of the description below.

Thus, the following description provides examples, and is
not limiting of the scope, applicability, or configuration set
forth in the claims. Changes may be made in the function and
arrangement of elements discussed without departing from
the spirit and scope of the disclosure. Various embodiments
may omit, substitute, or add various procedures or compo-
nents as appropriate. For instance, the methods described
may be performed in an order different from that described,
and various steps may be added, omitted, or combined. Also,
features described with respect to certain embodiments may
be combined in other embodiments.

FIG. 1 shows a wireless network 100 for communication,
which may be an LTE-A network. The wireless network 100
includes a number of evolved node Bs (eNBs) 105 and other
network entities. An eNB may be a station that communicates
with the UEs and may also be referred to as a base station, a
node B, an access point, a base transceiver station, a radio
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base station, a radio transceiver, a transceiver function, a basic
service set (BSS), an extended service set (ESS), or some
other suitable terminology. Each eNB 105 may provide com-
munication coverage for a particular geographic area. In
3GPP, the term “cell” can refer to this particular geographic
coverage area of an eNB and/or an eNB subsystem serving
the coverage area, depending on the context in which the term
is used.

An eNB may provide communication coverage for a macro
cell, a pico cell, a femto cell, and/or other types of cell. A
macro cell generally covers a relatively large geographic area
(e.g., several kilometers in radius) and may allow unrestricted
access by UEs with service subscriptions with the network
provider. A pico cell would generally cover a relatively
smaller geographic area and may allow unrestricted access by
UESs with service subscriptions with the network provider. A
femto cell would also generally cover a relatively small geo-
graphic area (e.g., a home) and, in addition to unrestricted
access, may also provide restricted access by UEs having an
association with the femto cell (e.g., UEs in a closed sub-
scriber group (CSG), UEs for users in the home, and the like).
An eNB for a macro cell may be referred to as a macro eNB.
An eNB for a pico cell may be referred to as a pico eNB. And,
an eNB for a femto cell may be referred to as a femto eNB or
ahome eNB. In the example shown in FIG. 1, the eNBs 105-a,
105-5, and 105-c are macro eNBs for the macro cells 110-a,
110-4, and 110-c, respectively. The eNB 105-xis a pico eNB
forapicocell 110-x. And, the eNBs 105-y and 105-z are femto
eNBs for the femto cells 110-y and 110-z, respectively. An
eNB may support one or multiple (e.g., two, three, four, and
the like) cells.

The wireless network 100 may support synchronous or
asynchronous operation. For synchronous operation, the
eNBs may have similar frame timing, and transmissions from
different eNBs may be approximately aligned in time. For
asynchronous operation, the eNBs may have different frame
timing, and transmissions from different eNBs may not be
aligned in time. The techniques described herein may be used
for either synchronous or asynchronous operations.

A network controller 130 may couple to a set of eNBs and
provide coordination and control for these eNBs. The net-
work controller 130 may communicate with the eNBs 105 via
a backhaul 132. The eNBs 105 may also communicate with
one another, e.g., directly or indirectly via a wireline backhaul
134 or a wireless backhaul 136.

The UEs 115 are dispersed throughout the wireless net-
work 100, and each UE may be stationary or mobile. A UE
115 may also be referred to by those skilled in the art as a
mobile station, a subscriber station, a mobile unit, a sub-
scriber unit, a wireless unit, a remote unit, a mobile device, a
wireless device, a wireless communications device, a remote
device, a mobile subscriber station, an access terminal, a
mobile terminal, a wireless terminal, a remote terminal, a
handset, a user agent, a mobile client, a client, or some other
suitable terminology. A UE 115 may be a cellular phone, a
personal digital assistant (PDA), a wireless modem, a wire-
less communication device, a handheld device, a tablet com-
puter, a laptop computer, a cordless phone, a wireless local
loop (WLL) station, a smart phone, a session initiation pro-
tocol (SIP) phone, a satellite radio, a global positioning sys-
tem, a multimedia device, a video device, a digital audio
player (e.g., MP3 player), a camera, a game console, or any
other similar functioning device. A UE may be able to com-
municate with macro eNBs, pico eNBs, femto eNBs, relays,
and the like.

System 100 shows transmissions 125 between mobile
devices 115 and base stations 105. The transmissions 125
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may include uplink (UL) and/or reverse link transmission,
from a mobile device 115 to a base station 105, and/or down-
link (DL) and/or forward link transmissions, from a base
station 105 to a mobile device 115. LTE/-A utilizes orthogo-
nal frequency division multiplexing (OFDM) on the down-
link and single-carrier frequency division multiple-access
(SC-FDMA) on the uplink. OFDM and SC-FDMA partition
the system bandwidth into multiple (K) orthogonal subcarri-
ers, which are also commonly referred to as tones, bins, or the
like. Each subcarrier may be modulated with data. In general,
modulation symbols are sent in the frequency domain with
OFDM and in the time domain with SC-FDMA. The spacing
between adjacent subcarriers may be fixed, and the total num-
ber of subcarriers (K) may be dependent on the system band-
width. For example, K may be equal to 128,256, 512, 1024 or
2048 for a corresponding system bandwidth of 1.25,2.5, 5, 10
or 20 megahertz (MHz), respectively. The system bandwidth
may also be partitioned into sub-bands. For example, a sub-
band may cover 1.08 MHz, and there may be 1,2, 4, 8 or 16
sub-bands for a corresponding system bandwidth of1.25,2.5,
5, 10 or 20 MHz, respectively.

FIG. 2 is a diagram illustrating an LTE network architec-
ture 200 in accordance with various embodiments. The LTE
network architecture 200 may be referred to as an Evolved
Packet System (EPS) 200. The EPS 200 may include one or
more user equipments (UEs) 115, an Evolved UMTS Terres-
trial Radio Access Network (E-UTRAN) 204, an Evolved
Packet Core (EPC) 210, a Home Subscriber Server (HSS)
220, and an Operator’s IP Services 222. The EPS can inter-
connect with other access networks, but for simplicity those
entities/interfaces are not shown. As shown, the EPS provides
packet-switched services, however, as those skilled in the art
will readily appreciate, the various concepts presented
throughout this disclosure may be extended to networks pro-
viding circuit-switched services.

The E-UTRAN includes the evolved Node B (eNB) 105
and other eNBs 205. The eNB 105 provides user and control
plane protocol terminations for the UE 115. The eNB 105
may be connected to the other eNBs 205 via an X2 interface
(e.g., backhaul). The eNB 105 provides an access point to the
EPC 210 for a UE 115.

The eNB 106 is connected by an S1 interface to the EPC
210. The EPC 210 includes a Mobility Management Entity
(MME) 212, other MMEs 214, a Serving Gateway 216, and a
Packet Data Network (PDN) Gateway 218. The MME 212 is
the control node that processes the signaling between the UE
102 and the EPC 110. Generally, the MME 212 provides
bearer and connection management. All user IP packets are
transferred through the Serving Gateway 216, which itself is
connected to the PDN Gateway 218. The PDN Gateway 218
provides UE IP address allocation as well as other functions.
The PDN Gateway 218 is connected to the Operator’s IP
Services 222. The Operator’s IP Services 222 may include the
Internet, the Intranet, an IP Multimedia Subsystem (IMS),
and a PS Streaming Service (PSS).

FIG. 3 is a diagram 300 illustrating an example of a down-
link (DL) frame structure in LTE. A frame (10 ms) may be
divided into 10 equally sized sub-frames. Each sub-frame
may include two consecutive time slots. A resource grid may
be used to represent two time slots, each time slot including a
resource block. The resource grid is divided into multiple
resource elements. In LTE, a resource block contains 12 con-
secutive subcarriers in the frequency domain and, for a nor-
mal cyclic prefix in each OFDM symbol, 7 consecutive
OFDM symbols in the time domain, or 84 resource elements.
For an extended cyclic prefix, a resource block contains 6
consecutive OFDM symbols in the time domain and has 72
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resource elements. Some of the resource elements, as indi-
cated as R 302, 304, include DL reference signals (DL-RS).
Some of'the resource elements may include data. As shown in
FIG. 3, the DL-RS includes Cell-specific RS (CRS) (which
may be referred to as common RS) 302 and UE-specific RS
(UE-RS) 304 (shown with antenna port 9 or 10 configuration)
. UE-RS 304 are not transmitted on the resource blocks upon
which the corresponding physical DL control channel (PD-
CCH) is mapped. As such, UE-RS 304 are transmitted only on
the resource blocks upon which the corresponding physical
DL shared channel (PDSCH) is mapped. The number of bits
carried by each resource element depends on the modulation
scheme. Thus, the more resource blocks that a UE receives
and the higher the modulation scheme, the higher the datarate
for the UE.

FIG. 3 is a diagram 300 illustrating an example of a down-
link (DL) frame structure in LTE. A frame (e.g., 10 ms, etc.)
may be divided into 10 equally sized sub-frames. Each sub-
frame may include two consecutive time slots. A resource
grid may be used to represent two time slots, each time slot
including a resource block. The resource grid is divided into
multiple resource elements. In LTE, a resource block contains
12 consecutive subcarriers in the frequency domain and, for a
normal cyclic prefix in each OFDM symbol, 7 consecutive
OFDM symbols in the time domain, or 84 resource elements.
For an extended cyclic prefix, a resource block contains 6
consecutive OFDM symbols in the time domain and has 72
resource elements. Some of the resource elements, as indi-
cated as R 302, 304, include DL reference signals (DL-RS).
Some of'the resource elements may include data. As shown in
FIG. 3, the DL-RS includes Cell-specific RS (CRS) (which
may be referred to as common RS) 302 and UE-specific RS
(UE-RS) 304 (shown with antenna port 9 or 10 configuration)
. UE-RS 304 are not transmitted on the resource blocks upon
which the corresponding physical DL control channel (PD-
CCH) is mapped. As such, UE-RS 304 are transmitted only on
the resource blocks upon which the corresponding physical
DL shared channel (PDSCH) is mapped. The number of bits
carried by each resource element depends on the modulation
scheme. Thus, the more resource blocks that a UE receives
and the higher the modulation scheme, the higher the datarate
for the UE.

FIG. 4 is a diagram 400 illustrating an example of an UL
frame structure in LTE. The available resource blocks for the
UL may be partitioned into a data section and a control
section. The control section may be formed at the two edges
of the system bandwidth and may have a configurable size.
The resource blocks in the control section may be assigned to
UE:s for transmission of control information. The data section
may include all resource blocks not included in the control
section. The UL frame structure results in the data section
including contiguous subcarriers, which may allow a single
UE to be assigned all of the contiguous subcarriers in the data
section.

A UE may be assigned resource blocks 410-a, 410-5 in the
control section to transmit control information to aneNB. The
UE may also be assigned resource blocks 420-a, 420-b in the
data section to transmit data to the eNB. The UE may transmit
control information in a physical UL control channel
(PUCCH) on the assigned resource blocks in the control
section. The UE may transmit only data or both data and
control information in a physical UL shared channel
(PUSCH) on the assigned resource blocks in the data section.
A UL transmission may span both slots of a subframe and
may hop across frequency.

A set of resource blocks may be used to perform initial
system access and achieve UL synchronization in a physical
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random access channel (PRACH) 430. The PRACH 430 car-
ries a random sequence and cannot carry any UL data/signal-
ing. Each random access preamble occupies a bandwidth
corresponding to six consecutive resource blocks. The start-
ing frequency is specified by the network. That is, the trans-
mission of the random access preamble is restricted to certain
time and frequency resources. There is no frequency hopping
for the PRACH. The PRACH attempt is carried in a single
subframe (1 ms) or in a sequence of few contiguous sub-
frames and a UE can make only a single PRACH attempt per
frame (10 ms).

FIG. 5 is a diagram 500 illustrating an example of a radio
protocol architecture for the user and control planes in LTE.
The radio protocol architecture for the UE and the eNB is
shown with three layers: Layer 1, Layer 2, and Layer 3. Layer
1 (L1 layer) is the lowest layer and implements various physi-
cal layer signal processing functions. The [.1 layer will be
referred to herein as the physical layer 506. Layer 2 (1.2 layer)
508 is above the physical layer 506 and is responsible for the
link between the UE and eNB over the physical layer 506.

In the user plane, the [.2 layer 508 includes a media access
control (MAC) sublayer 510, a radio link control (RLC) sub-
layer 512, and a packet data convergence protocol (PDCP)
514 sublayer, which are terminated at the eNB on the network
side. Although not shown, the UE may have several upper
layers above the .2 layer 508 including a network layer (e.g.,
IP layer) that is terminated at the PDN gateway 218 on the
network side, and an application layer that is terminated at the
other end of the connection (e.g., far end UE, server, etc.).

The PDCP sublayer 514 provides multiplexing between
different radio bearers and logical channels. The PDCP sub-
layer 514 also provides header compression for upper layer
data packets to reduce radio transmission overhead, security
by ciphering the data packets, and handover support for UEs
between eNBs. The RLC sublayer 512 provides segmentation
and reassembly of upper layer data packets, retransmission of
lost data packets, and reordering of data packets to compen-
sate for out-of-order reception due to hybrid automatic repeat
request (HARQ). The RLC sublayer 512 passes data to the
MAC sub layer 510 as logical channels.

The MAC sublayer 510 provides multiplexing between
logical and transport channels. The MAC sublayer 510 is also
responsible for allocating the various radio resources (e.g.,
resource blocks) in one cell among the UEs. The MAC sub-
layer 510 is also responsible for HARQ operations. The MAC
layer formats and sends the logical channel data to the physi-
cal layer 506 as transport channels.

In the control plane, the radio protocol architecture for the
UE and eNB is substantially the same for the physical layer
506 and the L2 layer 508 with the exception that there is no
header compression function for the control plane. The con-
trol plane also includes a radio resource control (RRC) sub-
layer 516 in Layer 3 (L3 layer). The RRC sublayer 516 is
responsible for obtaining radio resources (i.e., radio bearers)
and for configuring the lower layers using RRC signaling
between the eNB and the UE.

In multiflow operation, a UE 115 may support uplink trans-
mission using multiple component carriers to multiple cells
(e.g., eNBs 105, etc.) concurrently. While the UE 115 can
communicate independently to each cell, the UE 115 may
have a single primary cell (PCell) and one or more secondary
cells (SCells). Described embodiments are directed to uplink
reporting and logical channel prioritization in multiflow
operation. Some embodiments manage Scheduling Requests
(SR) and Buffer Status Reporting (BSR) for multiflow opera-
tion. Some embodiments manage mapping of packet pay-
loads to uplink grants for multiflow operation.
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In some embodiments, the UE may transmit one BSR (e.g.,
periodically or upon being triggered) in a transmission time
interval (TTI). The UE may determine which cell, or on which
component carriet, to transmit the one BSR. In other embodi-
ments, the UE may transmit a plurality of BSRs to a plurality
of cells, respectively. The plurality of BSRs may be transmit-
ted during the same TTI or different TTIs.

Some embodiments utilize bearer level splitting for uplink
reporting where the UE associates bearers or logical channel
groups (LCGs) with nodes for uplink reporting. The UE may
perform uplink reporting independently for each node based
on the available data for uplink transmission in the LCG
buffers associated with the node.

Some embodiments utilize packet level splitting where the
UE groups buffers for all LCGs into a common pool for
uplink reporting. In some packet level splitting embodiments,
the UE may perform uplink reporting based on the total
amount of data available for transmission in the common
buffer pool for reporting buffer status. In some packet level
splitting embodiments, scaling coefficients may be deter-
mined for each node and uplink reporting may be based onthe
total amount of data available for transmission in the common
buffer pool scaled by the respective coefficients.

FIG. 6 illustrates a wireless communications system 600
for multiflow uplink communications using bearer level split-
ting in accordance with various embodiments. In wireless
communications system 600, UE 115-a is configured to com-
municate (via transceiver 670, etc.) with multiple eNBs sub-
stantially concurrently (e.g., during a single transmission
time interval (TTI) or frame, etc.) over multiple component
carriers. In FIG. 6, UE 115-a communicates with eNB[A]
over uplink component carrier CC[ A] 625-a and with eNB[B]
over uplink component carrier CC[B] 625-b. According to the
architecture of FIG. 6, eNB[A] 605-a may be the PCell for UE
115-a while eNB[B] 605-b may be an SCell. UE 115-a may
also be configured to receive multiple downlink component
carriers from eNB[A] 605-a, eNB[B] 605-54, and/or other
eNBs. eNB[A] 605-a may communicate with eNB[B] 605-5
over a backhaul link 612, which may be a wireline or wireless
backhaul link. While FIG. 6 illustrates UE 115-a in commu-
nication with two eNBs using two component carriers, the
described embodiments for bearer level splitting may be used
when UE is using multiflow operation with any number of
eNBs.

UE 115-a may have multiple bearers (e.g., bearers 632,
634, 636) where each bearer is associated with a set of Quality
of Service (QoS) requirements. Bearers support sessions of
the UE 115-a (e.g., applications, services, etc.) and may sup-
port multiple packet flows to multiple sessions. Bearers with
the same needs may be grouped into logical channel groups
(LCGs). That is, logical channel groups may include one or
more logical channels. Each logical channel group may be
associated with a logical channel ID (LCID). When the ses-
sions generate data (e.g., IP packets) and the data is formatted
into Bearer SDUs (e.g., Packet Data Convergence Protocol
(PDCP) SDUgs, etc.) the bearer SDUs are input into buffers
associated with the LCGs.

Logical channel IDs may be assigned to LCGs using com-
mon mapping or exclusive mapping. FIG. 6 illustrates exclu-
sive mapping where logical channels IDs are not duplicated
across eNBs. In some bearer level splitting embodiments,
LCGs assigned to different eNBs may share logical channel
1Ds. For these embodiments, the MAC layer manages logical
channel ID mapping between the logical channel groups and
the physical layer 660 to direct uplink and downlink data from
LCGs at the RLC and/or PDCP sublayers with the same
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logical channel ID to and from the appropriate eNB and/or
component carrier resources at the physical layer 660.

When UEs have uplink data to send in the LCG buffers, the
UE may signal for uplink grants by signaling a Scheduling
Request (SR) in resources of an uplink control channel con-
figured (e.g., via RRC, etc.) by the eNB. For example, eNB
[A] 605-a may configure PUCCH resources on CC[A] 625-a
for UE 115-a for sending Scheduling Requests. Once a UE
has uplink grants, a Buffer Status Report (BSR) is sent from
the UE to the eNB to provide information about the amount of
pending data in the uplink buffer of the UE. BSR may be
triggered based on an elapsed time period between reports
(periodic BSR), based on padding in uplink grants (padding
BSR), and/or other factors. A BSR may include a buffer status
value, which may be an index to a logarithmic or semi-
logarithmic table of buffer size values.

In embodiments using bearer level splitting for multiflow
operation, UEs associate logical channel groups with eNBs
for which the UE has a component carrier established. The
UE then generates uplink reporting metrics for each eNB
independently for each eNB. The uplink reporting metrics
may be transmitted to each eNB over the component carriers
associated with each eNB or over one component carrier to a
primary eNB for distribution by primary eNB the to the other
eNBs configured to receive uplink data from the UE. For
example, SR for uplink grants and BSR may be performed
independently for each eNB in bearer level splitting.

As illustrated in FIG. 6, UE 115-a has three logical channel
groups, LCG[1] 642, LCG[2] 644, and LCG[3] 646. UE
115-q associates LCG[1] 642 and LCG[2] 644 with eNB[A]
605-a and LCG[3] 646 with eNB[B] 605-5. Uplink reporting
for eNB[A] 652 may be performed independently from
uplink reporting for eNB[B] 654 based on the LCGs assigned
to each eNB. In embodiments, UE 115-a maintains separate
timers for each eNB. For example, UE 115-a may maintain
separate retxBSR and periodicBSR timers for eNB[A] and
eNB[B].

FIG. 7 illustrates a block diagram of a method 700 for
bearer level splitting in multiflow operation in accordance
with various embodiments. Method 700 may be performed,
for example, by UE 115-q illustrated in FIG. 6.

Atblock 705, a connection may be established between UE
115-a and eNB[A] 605-a over component carrier A 625-a. At
block 710, a connection may be established between UE
115-a and eNBJ[B] 605-b over component carrier B 625-5.
Component carriers A and B may be configured and main-
tained by UE 115-a for communications utilizing either com-
ponent carrier A, or component carrier B, or both of compo-
nent carriers A and B concurrently for uplink transmissions.

Atblock 715, UE 115-a may assign one or more LCGs for
uplink reporting 652 to eNB[A] 605-a. For example, UE
115-a may assign LCG[1] 642 and LCGJ[2] 644 for uplink
reporting 652 to eNB[A] 605-a as illustrated in FIG. 6. At
block 720, UE 115-a may assign one or more LCGs for uplink
reporting 654 to cell eNB[B] 605-4. For example, UE 115-a
may assign LCG[3] 646 for uplink reporting 654 to eNB[B]
605-b as illustrated in FIG. 6.

At block 730, UE 115-a monitors LCGs assigned to each
eNB and generates uplink reporting for each eNB based on
the buffers for the LCGs assigned to that eNB. For example,
UE 115-a may perform uplink reporting for eNB[A] 605-a
based on data available for uplink transmission in buffers
associated with LCG[1] 642 and LCG[2] 644. UE 115-a may
generate uplink reporting for eNB[B] 605-b based on data
available for uplink transmission in the buffer associated with
LCGI3] 646.
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If an SR trigger condition occurs at block 740, the UE
115-a may signal SR to the triggering eNB at the next avail-
able SR resources at block 745. For example, SR may be
triggered for eNB[A] 605-a when data is available in the
buffers associated with LCG[1] and/or LCG[2] and no uplink
grant is scheduled for the available data. UE 115-a may signal
SR on the next available SR transmission opportunity (e.g.,
configured resources of the PUCCH of CC[A] 625-a, etc.). In
response to the SR signal by UE 115-a, eNB[A] 605-a may
determine uplink resources for UE 115-a and send an uplink
grant to UE 115-g for uplink transmission on certain
resources of CC[A] 625-a (e.g., PUSCH resources).

If'a BSR trigger condition occurs at block 750 for an eNB,
the UE 115-a may determine a bufter status value based on
the amount of available data for LCGs associated with the
triggering eNB at block 755. The UE 115-a may report the
buffer status value (BSV) to the triggering eNB at block 760.
The UE 115-a may determine a buffer status value for eNB
[B] 605-b based on the available data for LCG[3] 646. In
some embodiments, BSR may be reported according to
LCID. For example, the UE 115-a may report a buffer status
value and an LCID for each LCG in a single BSR element.

FIG. 8 illustrates a wireless communications system 800
for multiflow uplink communications using packet level split-
ting in accordance with various embodiments. In wireless
communications system 800, UE 115-5 maintains (e.g., via
transceiver 870, etc.) multiple concurrent uplink component
carriers with multiple eNBs. In FIG. 8, UE 115-b communi-
cates with eNB[A] 805-a over uplink component carrier
CC[A] 825-a and with eNB[B] 805-b over uplink component
carrier CC[B] 825-b. According to the architecture of FIG. 8,
eNBJ[A] 805-a may be the PCell for UE 115-b while eNB[B]
805-5 may be an SCell. UE 115-b may also be configured to
receive multiple downlink component carriers from eNB[A],
eNBJ[B], and/or other eNBs. eNB[A] 805-¢ may communi-
cate with eNB[B] 805-5 over a backhaul link 812, which may
be a wireline or wireless backhaul link. While FIG. 8 illus-
trates UE 115-b in communication with two eNBs using two
component carriers, packet level splitting may be used when
UE 115-5 is in multiflow operation with any number of eNBs.

UE 115-b may have multiple bearers (e.g., bearers 832,
834, 836) where each bearer is associated with a set of Quality
of Service (QoS) requirements. Bearers support sessions of
the UE 115-b (e.g., applications, services, etc.) and may sup-
port multiple packet flows to multiple sessions. Bearers with
the same needs may be grouped into logical channel groups
(LCGs). That is, logical channel groups may include one or
more logical channels. Each logical channel group may be
associated with a logical channel ID (LCID). When the ses-
sions generate data (e.g., IP packets) and the data is formatted
into Bearer SDUs (e.g., Packet Data Convergence Protocol
(PDCP) SDUgs, etc.) the bearer SDUs are input into buffers
associated with the LCGs.

Logical channel IDs may be assigned to LCGs using com-
mon mapping or exclusive mapping. The MAC layer may
manage logical channel ID mapping between the logical
channel groups and the physical layer 860 to direct uplink and
downlink data from LCGs at the RLC and/or PDCP sublayers
with the same logical channel ID to and from the appropriate
eNB and/or component carrier resources at the physical layer
860.

For packet level splitting embodiments, UEs group buffers
for all LCGs into a common pool for uplink reporting 850. As
data arrives in the LCG buffers, the UE triggers uplink report-
ing based on the amount of data in the common pool of
buffers. The uplink reporting may be transmitted to each eNB
scheduler over the component carriers associated with each
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eNB or over one component carrier to a primary eNB for
distribution by the primary eNB the to the other eNBs con-
figured to receive uplink data from the UE.

In some packet level splitting embodiments, the UE may
report buffer status values to the eNBs based on the total
amount of data available for transmission in the common
buffer pool for reporting buffer status. FIG. 9A illustrates a
method 900-a for uplink reporting using packet level splitting
in accordance with various embodiments. Method 900-a may
be performed, for example, by UE 115-billustrated in FIG. 8.

Atblock 905, a connection may be established between UE
115-5 and eNB[A] 805-a over component carrier A 825-a. At
block 910, a connection may be established between UE
115-56 and eNBJ[B] 805-b over component carrier B 825-5.
Component carriers A and B may be configured and main-
tained for UE 115-5 to utilize either component carrier A, or
component carrier B, or both of component carriers A and B
concurrently for uplink transmissions.

Atblock 920-a, UE 115-5 may monitor the common buffer
pool that includes uplink data in the buffers for LCGs 842,
844, and 846. If a condition for sending a scheduling request
is triggered at block 930, the UE 115-5 may send SR on
allocated resources to eNB[A] 805-a and/or eNB[B] 805-5 at
block 935. For example, if new data is available in the com-
mon buffer pool and the UE 115-5 has no scheduled uplink
resources (e.g., PUSCH, etc.) for transmitting the data but has
valid PUCCH resources configured for SR on CC[A] 825-a
and/or CC[B] 825-b, the UE 115-6 may signal SR on the
configured SR resources for CC[A] 825-a and/or CC[B] 825-
b.

In embodiments, a single configuration for SR resources is
applicable for each eNB. For example, SR resources may be
configured for eNB[A] 805-a and eNB[B] 805-b using cor-
responding resources (e.g., same TTI and/or resource ele-
ments, etc.) of PUCCH channels for CC[A] 825-a and CC[B]
825-b. In embodiments, SR resources are independently con-
figured across cells. In these embodiments, configured SR
resources for CC[A] 825-a may be staggered in time (e.g.,
different TTI and/or orthogonal resource elements, etc.) rela-
tive to configured SR resources for CC[B] 825-4.

In embodiments, the number of eNBs for which the UE
requests uplink resources and/or reports BSR may depend on
the amount of available data. For example, if the UE 115-5
has new data in the buffer pool and no scheduled uplink
resources, the UE 115-5 may determine whether to request
uplink resources from one of eNB[A] 805-a or eNB[B] 805-
b,orbotheNB[A] 805 and eNB[B] 805-5, for transmission of
the new data. UE 115-5 may compare the amount of data in
the buffer pool with a threshold and request resources from
one cell (e.g., PCell eNB[A] 805-a) when the amount of data
is below the threshold and more than one cell (e.g., the PCell
and one or more SCells) when the amount of data is equal to
or above the threshold. If the amount of data is below the
threshold, UE 115-6 may transmit a scheduling request to
eNBJ[A] 805-a, receive uplink grants from eNB[A] 805-a on
CC[A] 825-a, and transmit data using the uplink grants for
CC[A] 825-a. UE 115-b may continue to perform uplink
reporting (e.g., report BSR) to eNB[A] 805-a based on the
amount of data in the buffer pool. If the amount of data in the
buffer pool subsequently becomes equal to or greater than the
threshold, UE 115-b may request uplink resources from eNB
[B] 805-5. When uplink grants are available on both CC[A]
825-a and CC[B] 825-5, UE 115-b may report BSR to both
eNBJA] 805-a and eNB[B] 805-5 using the techniques
described below.

While performing uplink reporting for multiple cells, UE
115-5 may continue to compare the amount of available data
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in the buffer with the threshold. For example, if the amount of
data in the buffer pool falls below the threshold, UE 115-5
may discontinue BSR (or report BSR with a buffer size of
zero) to one or more of the cells (e.g., SCell eNB[B] 805-5,
etc.). Using these techniques, uplink transmissions may be
scheduled by multiple cells when the amount of buffer data is
relatively high, providing a higher achievable uplink rate
using multiflow transmissions. If the data flow into the buffer
pool was relatively high but then drops rapidly, the buffers
may empty while uplink grants are still scheduled for one or
more cells. In this instance, the UE may report BSR with a
buffer size of zero and the overhead impact may be relatively
small compared with the achievable data rate. Where the
amount of available data is low, performing uplink reporting
for multiple cells may cause over-scheduling of resources and
discontinuing BSR for one or more of the cells reduces over-
head losses.

Method 900-a performs buffer status reporting in block
940-a. If a BSR trigger condition is detected at block 942-a,
UE 115-b may determine a buffer status value based on the
total amount of data across all LCGs in the buffer pool at
block 944-a. The UE 115-b may report the buffer status value
to eNB[A] 805-a and/or eNB[B] 805-5 at block 946-a. UE
115-5 may report the actual buffer status value at the time of
BSR transmission to each cell or UE 115-5 may report to all
cells the buffer status value at the time of the last BSR trans-
mission to the first cell, as described below.

In some packet level splitting embodiments, scaling coet-
ficients may be determined for each eNB and the buffer status
values reported to the eNBs may be based on the total amount
of data available for transmission in the common bufter pool
scaled by the respective coefficients. FIG. 9B illustrates a
method 900-5 for uplink reporting using scaling coefficients
for packet level splitting in accordance with various embodi-
ments. Method 900-5 may be performed, for example, by UE
115-b illustrated in FIG. 8.

Consider that UE 115-5 establishes connections to eNB[A]
805-ag and eNB[B] 805-5 in blocks 905 and 910 as described
with reference to FIG. 9A. At block 915, scaling coefficients
may be determined for uplink reporting from UE 115-4. For
example, scaling coefficients o and  may be determined for
eNBJA] 805-a and eNB[B] 805-b, respectively. In some
embodiments, the scaling coefficients may be determined by
the eNBs. For example, eNBs that have established compo-
nent carriers for uplink transmission from a UE may negotiate
or exchange a service ratio (or service ratio matrix) for ser-
vicing uplink transmissions from the UE. The eNBs may
determine the service ratio based on loading of the eNBs
and/or other factors. The eNBs may send the scaling coeffi-
cients to the UE via RRC configuration. In some embodi-
ments, UE 115-b may determine the scaling coefficients o
and f3. For these embodiments, the UE 115-5 may or may not
send the scaling coefficients to the eNBs. For example, the UE
115-5 may determine the scaling coefficients and report
buffer status values to the respective eNBs based on the
amount of data in the buffer pool scaled by the scaling coef-
ficients. The eNBs may schedule resources based on the
reported buffer status values.

Method 900-5 performs buffer status reporting in block
940-5. If a BSR trigger condition is detected at block 942-5,
UE 115-a may determine a buffer status value for reporting at
block 944-b. The reported buffer status value may be deter-
mined based on the total amount of data across all LCGs in the
buffer pool scaled by the scaling coefficient for the eNB for
which the buffer status is to be reported. For example, if BSR
is triggered the UE 115-b may determine a buffer status value
for eNB[A] 805-a based on the total data in the buffer pool
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scaled by scaling coefficient o and a buffer status value for
eNBJ[B] 805-5 based on the total data in the buffer pool scaled
by scaling coefficient 3. The UE 115-b may report the buffer
status values to eNB[A] 805-a and/or eNB[B] 805-5 at block
946-b. The UE 115-b may report the actual buffer status value
at the time of BSR transmission to each cell or the UE 115-5
may report buffer status to all cells based on the total available
data at the time of the BSR transmission to the first cell, as
described below.

In some embodiments, uplink scaling coefficients may be
determined independently for each LCG. Referring back to
FIG. 8 for example, scaling coefficients ., a,, and c.; may be
determined for LCG[1] 842, LCG[2] 844, and LCG[3] 846,
respectively. For these embodiments, the reported buffer sta-
tus value for eNB[A] 805-a may be determined for an arbi-
trary number N of LCGs based on a buffer size (BUFSIZE
[A]) calculated according to the formula:

N
BUFSIZE[A] = Z a; * BUFSIZE cp
i=1

Similarly, scaling coefficients f§;, 5, and p; may be deter-
mined for LCG[1] 842, LCG[2] 844, and LCG[3] 846,
respectively. The reported buffer status value for eNB[B]
805-5 may be may be determined for an arbitrary number N of
LCGs based on a buffer size (BUFSIZE[B]) calculated
according to the formula:

N
BUFSIZE[B] = Z Bi = BUFSIZE cap
i=1

Where LCG specific scaling coefficients are used in packet
level splitting embodiments, the LCG specific coefficients
can be utilized in mapping of packets from logical channel
groups to uplink grant resources. For example, packets from
an LCG bufter may be assigned to component carriers and/or
eNBs based on the scaling coefficients for the LCG.

In some embodiments, reported buffer status values to each
cell may correspond to an actual amount of data in the buffer
pool at the time of reporting the buffer status. FIG. 10A
illustrates a method 1000-a for reporting buffer status based
on the actual amount of data in the buffer pool in accordance
with various embodiments. Method 1000-a may be per-
formed by UE 115-b as illustrated in FIG. 8 and may illustrate
embodiments for buffer status reporting 940-a of method
900-a and/or bufter status reporting 940-5 of method 900-5.

Method 1000-a starts at block 1020-a when buffer status
reporting for an eNB is triggered. Buffer status reporting may
be triggered by a timer or other conditions (e.g., padding
BSR, etc.). In embodiments, UE 115-b maintains separate
timers for each eNB. For example, UE 115-b may maintain
separate retxBSR and periodicBSR timers for eNB[A] 805-a
and eNB[B] 805-5.

Atblock 1025-a, UE 115-b may determine whether BSR is
triggered for eNB[A] and/or eNB[B]. At block 1030-a, UE
115-b determines a buffer status value based on the amount of
data in the buffer pool left to be transmitted (e.g., after
accounting for data to be transmitted in currently scheduled
uplink grants). The buffer status value may be determined
based on the total amount of data or a scaled total amount of
data as described above. At block 1035-a, the determined
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buffer status value is reported to the eNB associated with the
BSR trigger determined at block 1125-q.

When buffer status reporting is triggered for another eNB
at a subsequent time, the UE 115-b4 starts method 1000-a
again at block 1020-a. Thus, the UE 115-5 determines and
reports an updated buffer status value based on the new
amount of data in the buffer pool (e.g., lower amount of data
if some has been transmitted between BSRs or higher amount
of data if additional packets have come into the buffers
between BSRs, etc.).

In some embodiments, the UE may report buffer status to
each cell based on an amount of data in the buffer pool at the
time of BSR triggering for one of the cells. FIG. 10B illus-
trates a method 1000-5 for reporting buffer status to each cell
based on the amount of data in the buffer pool at the time of a
first BSR trigger in accordance with various embodiments.
Method 1000-5 may be performed by UE 115-4 as illustrated
in FIG. 8 and may illustrate embodiments for buffer status
reporting 940-a of method 900-a and/or buffer status report-
ing 940-6 of method 900-5.

Method 1000-4 starts at block 1020-5 when buffer status
reporting for an eNB is triggered. Buffer status reporting may
be triggered by a timer or other conditions (e.g., padding
BSR, etc.). At block 1025-5, UE 115-b may determine
whether BSR is triggered for eNB[A] 805-a and/or eNB[B]
805-5. Atblock 1030-b, UE 115-b may determine the amount
of available data for uplink transmission in the common
buffer pool and store the amount of data for use in buffer
reporting for all eNBs.

At block 1035-b, UE 115-b may determine a buffer status
value for the triggering eNB. UE 115-6 may use any of the
techniques described above (e.g., reporting based on the total
data, reporting using scaling coefficients, etc.) for determin-
ing the buffer status value for the triggering eNB. At block
1040, UE 115-b may report the buffer status value to the
triggering eNB.

At block 1045, UE 115-5 may determine that a BSR trig-
gering event or transmission opportunity (e.g., periodic BSR,
padding BSR, etc.) has occurred for another eNB. At block
1050, UE 115-6 may determine a buffer status value for the
triggering eNB based on the stored amount of data from block
1030-5. UE 115-b may report the buffer status value to the
triggering eNB at block 1055.

At block 1060, UE 115-b determines if BSR has been
reported to all eNBs based on the stored amount of data from
block 1030-5. When UE 115-bhas reported BSR based onthe
stored amount of data to all eNBs, method 1000-5 returns to
block 1020-b and continues to monitor the buffer pool for
BSR triggering conditions. Otherwise, method 1000-5 waits
for BSR conditions for the eNBs for which BSR has not been
reported at block 1045.

In embodiments, UE 115-5 maintains separate timers for
each eNB. For example, UE 115-b may maintain separate
retxBSR and periodicBSR timers for eNB[A] 805-a and eNB
[B] 805-b. In some embodiments, UE 115-6 maintains a
common set of timers for BSR reporting for all eNBs. BSR
triggered for the first eNB at block 1025-5 may trigger BSRs
for all cells at block 1045. For example, where a common set
of timers is used, expiration of a common BSR timer at block
1025-b may trigger BSRs for all cells at block 1045.

FIG. 11 shows a flow diagram 1100 illustrating an example
of multifiow operation between UE 115-b and multiple cells
in accordance with various embodiments. In flow diagram
1100, UE 115-5 maintains uplink component carrier CC[A]
825-a for communication with eNBJ[A] 805-a¢ and uplink
component carrier CC [B] 825-5 for communication with
eNBJ[B] 805-5.
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Prior to block 1105, UE 115-6 may not have uplink
resources granted by either eNB[A] 805-a or eNB[B] 805-5.
At block 1105, data may become available for uplink trans-
mission by one or more LCGs of UE 115-5. In flow diagram
1100, 400 bytes of data become available for uplink trans-
mission at block 1105.

UE 115-b signals a scheduling request 1110 to eNB[A]
805-a requesting resources for uplink transmission. Schedul-
ing request 1110 may be transmitted using resources of
CC[A] 825-a configured for scheduling requests of UE 115-5
by eNB[A] 805-a. UE 115-b also signals a scheduling request
1115 to eNBJ[B] 805-5 requesting resources for uplink trans-
mission. Scheduling request 1115 may be transmitted using
resources of CC[B] 825-b configured for scheduling requests
of UE 115-6 by eNBJ[B] 805-5. As described above, transmis-
sion opportunities for scheduling requests 1110 and 1115
may be allocated in corresponding resource elements or in
orthogonal resources. Where a single carrier may be used for
uplink scheduling for multiple cells in multifiow operation,
scheduling requests 1110 and 1115 may be transmitted using
resources of the same component carrier (e.g., CC[A] 825-a
or CC[B] 825-5.

UE 115-b may receive an uplink grant from eNB[A] 805-a
in response to the scheduling request 1110. UE 115-5 may
transmit a portion of the available data in the uplink grant
1120. In the illustrated example, UE 115-b transmits 100
bytes. In the uplink grant 1120, UE 115-5 also reports buffer
status in BSR[1A] to eNB[A] 805-a.

UE 115-b may receive an uplink grant from eNB[B] 805-b
in response to the scheduling request 1115. UE 115-5 may
transmit another portion of the available data in the uplink
grant 1125. In the illustrated example, UE 115-5 transmits 50
bytes inuplink grant 1125. In the uplink grant 1125, UE 115-5
also reports buffer status in BSR[1B] to eNB[B] 805-5. As
described above, BSR[1B] may be based on the amount of
data in the buffer pool at the time of reporting of the buffer
status to eNB[A] 805-a, or BSR[1B] may be based on the
actual amount of data in the buffer pool at the time of report-
ing BSR[1B] to eNB[B]. As described above, buffer status
values reported in BSR[1A] and/or BSR[1B] may be based on
the total amount of data in the buffer pool, or the total amount
of data in the buffer pool scaled by scaling coefficients asso-
ciated with each eNB or scaling coefficients associated with
each LCG and each eNB.

FIG.12A isablock diagram that illustrates a device 1200-a
for uplink reporting in multiflow operation in accordance
with various embodiments. The device 1200-a may be an
example of one or more aspects of user equipment 115
described with reference to FIG. 1, FIG. 2, FIG. 6, FIG. 8,
FIG. 13, and/or FIG. 15. The device 1200-a may also be a
processor. The device 1200-a may include a receiver module
1210, a transmitter module 1220, a multiflow carrier manage-
ment module 1230-a, a multiflow uplink reporting module
1240-a, and/or a multiflow uplink data module 1250. Each of
these components may be in communication with each other.

Multiflow carrier management module 1230-a may estab-
lish and maintain (via receiver 1210 and transmitter 1220)
multiple communication links with multiple cells concur-
rently. For example, multiflow carrier management module
1230-a may be configured to manage communications with
multiple eNBs over multiple independent component carriers
at the same time. Each component carrier may include a
physical uplink shared channel for uplink data communica-
tions and/or a physical uplink control channel for uplink
device and/or channel resource configuration information. In
one embodiment, multiffow carrier management module
1230-a establishes multiple uplink component carriers for
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substantially concurrent communication with multiple eNBs,
where each uplink component carrier includes a physical
uplink control channel for communication of configuration
information between the device 1200-a and an eNB 105.

Multiflow uplink data module 1250 may manage data flow
for the multiple communication links. For example, multi-
flow uplink data module 1250 may determine a set of bearers
and/or logical channel groups having data available for uplink
transmission and communicate information associated with
uplink data to multiflow uplink reporting module 1240-a.
Multiflow uplink data module 1250 may manage (via trans-
mitter 1220) data flow between logical channel groups and
the eNBs over the established component carriers.

Multiflow uplink reporting module 1240-a may perform
uplink reporting for the multiple communication links. In
embodiments, multifiow uplink reporting module 1240-a
manages SR and/or BSR for the multiple communication
links using the techniques described above with reference to
FIG. 6, FIG. 7, FIG. 8, FIG. 9A, FIG. 9B, FIG. 10A, and/or
FIG. 10B. For example, multiflow uplink reporting module
1240-a may perform uplink reporting using bearer level split-
ting and/or packet level splitting techniques as described
above.

FIG.12Bis ablock diagram that illustrates a device 1200-5
for uplink reporting in multiflow operation using bearer level
splitting in accordance with various embodiments. The
device 1200-5 may be an example of one or more aspects of
user equipment 115 described with reference to FIG. 1, FIG.
2,FIG. 6,FIG. 8, FIG. 13, and/or FIG. 15. The device 1200-b
may also be a processor. The device 1200-b may include a
receiver module 1210, a transmitter module 1220, a multiflow
carrier management module 1230-5, a bearer level uplink
reporting module 1240-5, a logical channel group mapping
module 1260, and/or a mapped logical channel group buffer
management module 1265. Functions of receiver 1210, trans-
mitter 1220, and/or multiflow carrier management module
1230-5 may be substantially equivalent to the corresponding
modules of FIG. 12A and may not be repeated here for the
sake of brevity. Each of these components may be in commu-
nication with each other.

Logical channel group mapping module 1260 may associ-
ate one or more logical channel groups with each of multiple
component carriers and/or multiple eNBs for transmission of
uplink data. For example, a UE 115 may have a set of logical
channel groups used for communication of uplink data
between the UE 115 and multiple eNBs over multiple com-
ponent carriers. Each logical channel group may have an
associated logical channel group ID. Each component carrier
may have a physical uplink shared channel established by the
multiflow carrier management module 1230-5. Logical chan-
nel group mapping module 1260 may associate one subset of
the set of logical channel groups with one of the multiple
eNBs and another, different subset of the set of logical chan-
nel groups with a different one of the multiple eNBs. Logical
channel group mapping module 1260 may manage uplink
data for the subsets of logical channel groups by mapping data
from each subset of the logical channel groups to the appro-
priate physical uplink channel. Logical channel group map-
ping module 1260 may manage uplink data mapping with
common logical channel ID mapping or exclusive logical
channel ID mapping, as described above.

Mapped logical channel group buffer management module
1265 may monitor uplink data buffers for the set of logical
channel groups. Logical channel group buffer management
module 1265 may communicate the amount of available data
in each of the logical channel group buffers to the bearer level
uplink reporting module 1240-5 for uplink reporting.
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Bearer level uplink reporting module 1240-5 may perform
uplink reporting independently for each subset of logical
channel groups to each associated eNB. For example, bearer
level uplink reporting module 1240-5 may signal SR and
report BSR to each eNB based on data available for uplink
transmission in the logical channel group buffers associated
with each eNB.

FIG.12C is a block diagram that illustrates a device 1200-¢
for uplink reporting in multifiow operation using packet level
splitting in accordance with various embodiments. The
device 1200-c may be an example of one or more aspects of
user equipment 115 described with reference to FIG. 1, FIG.
2,FIG. 6, F1G. 8, FIG. 13, and/or FIG. 15. The device 1200-¢
may also be a processor. The device 1200-¢ may include a
receiver module 1210, a transmitter module 1220, a multiflow
carrier management module 1230-c, a packet level uplink
reporting module 1240-c, a logical channel group buffer man-
agement module 1270, and/or a logical channel group buffer
scaling module 1275. Functions of receiver 1210, transmitter
1220, and/or multiflow carrier management module 1230-¢
may be substantially equivalent to the corresponding modules
of FIG. 12A and may not be repeated here for the sake of
brevity. Each of these components may be in communication
with each other.

Logical channel group buffer management module 1270
may manage data from logical channel groups across mul-
tiple communication links with multiple eNBs. For example,
logical channel group buffer management module 1270 may
manage uplink data from logical channel groups as a common
pool of uplink data for transmission from the UE using mul-
tiflow operation. Logical channel group buffer scaling mod-
ule 1275 may determine and/or manage scaling coefficients
for uplink reporting for multiple concurrent communication
links. For example, logical channel group buffer scaling mod-
ule 1275 may determine BSR scaling coefficients for report-
ing the amount of data in the common buffer pool to each of
multiple eNBs. Logical channel group buffer scaling module
1275 may apply the scaling coefficients to determine buffer
status values for reporting BSR to each of the multiple eNBs.
In embodiments, logical channel group buffer scaling module
1275 determines and/or manages BSR scaling coefficients for
each LCG individually

Packet level uplink reporting module 1240-¢ may perform
SR and BSR for the multiple communication links. For
example, packet level uplink reporting module 1240-c may
signal SR and perform BSR for each of multiple eNBs. Packet
level uplink reporting module 1240-¢ may report BSR based
on the actual amount of data in the common buffer pool at the
time of BSR transmission to each cell or the packet level
uplink reporting module 1240-¢ may report BSR to each cell
based on the amount of data in the common buffer pool at the
time of the last BSR transmission to the first cell.

FIG. 13 is a block diagram that illustrates a device 1300 for
managing uplink resources in multiflow operation in accor-
dance with various embodiments. The device 1300 may be an
example of one or more aspects of eNBs 105 described with
reference to FIG. 1, FIG. 2, FIG. 6, FIG. 8, FIG. 14, and/or
FIG. 15. The device 1300 may also be a processor. The device
1300 may include receiver module 1310, transmitter 1320,
uplink resource scheduling module 1330, uplink service ratio
management module 1340, and/or loading management
module 1350. Each of these components may be in commu-
nication with each other.

The uplink resource scheduling module 1330 may sched-
ule resources of uplink component carriers used for commu-
nication between the device 1300 and UEs 115. The uplink
service ratio management module 1340 may determine
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uplink service ratios for UEs in concurrent communication
with the device 1300 and one or more other serving cells. The
loading management module 1350 may determine loading of
the device 1300 relative to other cells that may be serving
some of the same UEs in multiflow operation.

In one example, the device 1300 may be serving a UE 115
for uplink communication. The UE 115 may be in concurrent
uplink communication with another cell using multiflow
operation. The uplink service ratio management module 1340
may determine an uplink service ratio that allocates a portion
of'uplink service ofthe UE 115 to the device 1300 and another
portion of uplink service of the UE 115 to the other cell. The
uplink service ratio management module 1340 may deter-
mine the uplink service ratio by negotiating or exchanging the
service ratio with the other cell. The uplink service ratio may
be dynamically adjusted based on the relative loading of the
device 1300 and the other cell and relative channel conditions
between the UE 115 and the device 1300 and the UE 115 and
the other cell. The uplink service ratio management module
1340 may send scaling coefficients to the UE 115 for use in
buffer status reporting to the device 1300 and the other cell.

The components of devices 1100, 1200-a, 1200-5, and/or
1300 may, individually or collectively, be implemented with
one or more application-specific integrated circuits (ASICs)
adapted to perform some or all of the applicable functions in
hardware. Alternatively, the functions may be performed by
one or more other processing units (or cores), on one or more
integrated circuits. In other embodiments, other types of inte-
grated circuits may be used (e.g., Structured/Platform ASICs,
Field Programmable Gate Arrays (FPGAs), and other Semi-
Custom ICs), which may be programmed in any manner
known in the art. The functions of each unit may also be
implemented, in whole or in part, with instructions embodied
in amemory, formatted to be executed by one or more general
or application-specific processors.

FIG. 14 is a block diagram 1400 of a mobile device 115-¢
configured for uplink reporting in multiflow operation in
accordance with various embodiments. The mobile device
115-¢ may have any of various configurations, such as per-
sonal computers (e.g., laptop computers, netbook computers,
tablet computers, etc.), cellular telephones, PDAs, smart-
phones, digital video recorders (DVRs), internet appliances,
gaming consoles, e-readers, etc. The mobile device 115-¢
may have an internal power supply (not shown), such as a
small battery, to facilitate mobile operation. In some embodi-
ments, the mobile device 115-c may be the mobile devices
115 of FIG. 1, F1G. 2, F1IG. 6, FIG. 8, FIG. 15, and/or FIG. 16.

The mobile device 115-c may generally include compo-
nents for bi-directional voice and data communications
including components for transmitting communications and
components for receiving communications. The mobile
device 115-¢c may include a transceiver module 1410,
antenna(s) 1405, memory 1480, and a processor module
1470, which each may communicate, directly or indirectly,
with each other (e.g., via one or more buses). The transceiver
module 1410 is configured to communicate bi-directionally,
via the antenna(s) 1405 and/or one or more wired or wireless
links, with one or more networks, as described above. For
example, the transceiver module 1410 may be configured to
communicate bi-directionally with base stations 105 of FIG.
1. The transceiver module 1410 may include a modem con-
figured to modulate the packets and provide the modulated
packets to the antenna(s) 1405 for transmission, and to
demodulate packets received from the antenna(s) 1405.
While the mobile device 115-c may include a single antenna
1405, the mobile device 115-c may have multiple antennas
1405 capable of concurrently transmitting and/or receiving
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multiple wireless transmissions. The transceiver module
1410 may be capable of concurrently communicating with
multiple eNBs via multiple component carriers.

The memory 1480 may include random access memory
(RAM) and read-only memory (ROM). The memory 1480
may store computer-readable, computer-executable soft-
ware/firmware code 1485 containing instructions that are
configured to, when executed, cause the processor module
1470 to perform various functions described herein (e.g., call
processing, database management, multiflow data process-
ing, uplink reporting, etc.). Alternatively, the software/firm-
ware code 1485 may not be directly executable by the pro-
cessor module 1470 but be configured to cause a computer
(e.g., when compiled and executed) to perform functions
described herein.

The processor module 1470 may include an intelligent
hardware device, e.g., a central processing unit (CPU) such as
those made by Intel® Corporation or AMD®, a microcon-
troller, an application-specific integrated circuit (ASIC), etc.
The mobile device 115-¢ may include a speech encoder (not
shown) configured to receive audio via a microphone, convert
the audio into packets (e.g., 20 ms in length, 30 ms in length,
etc.) representative of the received audio, provide the audio
packets to the transceiver module 1410, and provide indica-
tions of whether a user is speaking.

According to the architecture of FIG. 14, the mobile device
115-¢ may further include a communications management
module 1460. The communications management module
1460 may manage communications with base stations 105.
By way of example, the communications management mod-
ule 1460 may be a component of the mobile device 115-c in
communication with some or all of the other components of
the mobile device 115-¢ via a bus. Alternatively, functionality
of the communications management module 1460 may be
implemented as a component of the transceiver module 1410,
as a computer program product, and/or as one or more con-
troller elements of the processor module 1470.

In some embodiments, a handover module 1465 may be
utilized to perform handover procedures of the mobile device
115-¢ from one base station 105 to another. For example, the
handover module 1465 may perform a handover procedure of
the mobile device 115-c from one base station to another
where voice and/or data communications are being received
from the base stations.

The mobile device 115-c may be configured to perform
uplink communications with multiple eNBs using multiflow
operation. The components for mobile device 115-¢ may be
configured to implement aspects discussed above with
respect to devices 1200-a, 1200-b, and/or 1200-c of FIGS.
12A, 12B, and/or 12C and may not be repeated here for the
sake of brevity. For example, the multiflow carrier manage-
ment module 1230-4 may be an example of one or more
aspects of the multiflow carrier management modules 1230 of
FIGS. 12A, 12B, and/or 12C, the multiflow uplink reporting
module 1240-4 may be an example of one or more aspects of
the multiflow uplink reporting modules 1240 of FIGS. 12A,
12B, and/or 12C, and the multiflow uplink data module
1250-5 may be an example of the multiflow uplink data
module 1250-a of FIG. 12A.

FIG. 15 shows a block diagram of a communications sys-
tem 1500 that may be configured for uplink reporting in
multiflow operation in accordance with various embodi-
ments. This system 1500 may be an example of aspects of the
system 100 depicted in FIG. 1, system 200 of FIG. 2, and/or
system 1600 of FIG. 16. The base station 105-4 may include
antennas 1545, a transceiver module 1550, memory 1570,
and a processor module 1565, which each may be in commu-
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nication, directly or indirectly, with each other (e.g., over one
or more buses). The transceiver module 1550 may be config-
ured to communicate bi-directionally, via the antennas 1545,
with the user equipment 115-d, which may be a multi-mode
user equipment. The transceiver module 1550 (and/or other
components of the base station 105-¢) may also be configured
to communicate bi-directionally with one or more networks.
In some cases, the base station 105-d may communicate with
the network 120 and/or controller 130-a through network
communications module 1575. Base station 105-4 may be an
example of an eNodeB base station, a Home eNodeB base
station, a NodeB base station, and/or a Home NodeB base
station. For example, base station 105-4 may be an example
of eNBs 605 and/or 805 as illustrated in FIG. 6 and/or FIG. 8.
Network controller 130-a may be integrated into base station
105-d in some cases, such as with an eNodeB base station.

Base station 105-d may also communicate with other base
stations 105, such as base station 105-m and base station
105-n. Each of the base stations 105 may communicate with
user equipment 115-d using different wireless communica-
tions technologies, such as different Radio Access Technolo-
gies. In some cases, base station 105-4 may communicate
with other base stations such as 105-m and/or 105-7 utilizing
base station communication module 1515. In some embodi-
ments, base station communication module 1515 may pro-
vide an X2 interface within an LTE wireless communication
technology to provide communication between some of the
base stations 105. In some embodiments, base station 105-d
may communicate with other base stations 105 through net-
work controller 130-a and/or network 120.

The memory 1570 may include random access memory
(RAM) and read-only memory (ROM). The memory 1570
may also store computer-readable, computer-executable soft-
ware code 1571 containing instructions that are configured to,
when executed, cause the processor module 1565 to perform
various functions described herein (e.g., call processing,
database management, message routing, etc.). Alternatively,
the software 1571 may not be directly executable by the
processor module 1565 but be configured to cause the com-
puter, e.g., when compiled and executed, to perform functions
described herein.

The processor module 1565 may include an intelligent
hardware device, e.g., a central processing unit (CPU) such as
those made by Intel® Corporation or AMD®, a microcon-
troller, an application-specific integrated circuit (ASIC), etc.
The processor module 1565 may include a speech encoder
(not shown) configured to receive audio via a microphone,
convert the audio into packets (e.g., 20 ms in length) repre-
sentative of the received audio, provide the audio packets to
the transceiver module 1550, and provide indications of
whether a user is speaking. Alternatively, an encoder may
only provide packets to the transceiver module 1550, with the
provision or withholding/suppression of the packet itself pro-
viding the indication of whether a user is speaking.

The transceiver module 1550 may include a modem con-
figured to modulate the packets and provide the modulated
packets to the antennas 1545 for transmission, and to
demodulate packets received from the antennas 1545. While
some examples of the base station 105-4 may include a single
antenna 1545, the base station 105-¢ preferably includes mul-
tiple antennas 1545 for multiple links which may support
carrier aggregation. For example, one or more links may be
used to support macro communications with user equipment
115-d.

According to the architecture of FIG. 15, the base station
105-d may further include a communications management
module 1530. The communications management module

10

15

20

25

30

35

40

45

50

55

60

65

24

1530 may manage communications with other base stations
105. By way of example, the communications management
module 1530 may be a component of the base station 105-4 in
communication with some or all of the other components of
the base station 105-d via a bus. Alternatively, functionality of
the communications management module 1530 may be
implemented as a component of the transceiver module 1550,
as a computer program product, and/or as one or more con-
troller elements of the processor module 1565.

The components for base station 105-4 may be configured
to implement aspects discussed above with respect to device
1300 of FIG. 13 may not be repeated here for the sake of
brevity. For example, base station 105-d may include an
uplink resource scheduling module 1330-a, which may an
example of uplink resource scheduling module 1330 of FIG.
13. Furthermore, uplink service ratio management module
1340-a may be an example of uplink service ratio manage-
ment module 1340, and loading management module 1350-a
may be an example of loading management module 1350. In
some embodiments, the controller 130-a may be configured
to implement aspects as described above with respect to the
uplink service ratio module 1340-5, and may not be repeated
here for the sake of brevity. Base station 105-d and controller
130-a may deployed as separate entities or as a combined
entity.

In some embodiments, the transceiver module 1550 in
conjunction with antennas 1545, along with other possible
components of base station 105-d, may transmit information
regarding scaling coefficients from the base station 105-d to
the user equipment 115-d. In some embodiments, the trans-
ceiver module 1550 in conjunction with antennas 1545, along
with other possible components of base station 105-d, may
transmit information to the user equipment 115-d, to other
base stations 105-m/105-n, or core network 130-a, such as
uplink service ratio information such that these devices or
systems may utilize multiflow operation.

In some embodiments, a handover module 1525 may be
utilized to perform handover procedures of the base station
105-d. For example, if the user equipment 115-d is currently
linked to the base station 105-d, the handover module 1525
may perform a procedure(s) for terminating the link and
handing over the user equipment 115-d to another base sta-
tion. Alternatively, if the user equipment 115-d is currently
linked to the other base station, the handover module 1525
may perform a procedure(s) for establishing a link with the
user equipment 115-d when the other base station hands over
the user equipment 115-d to the base station 105-d.

These components of the device 1500 may, individually or
collectively, be implemented with one or more application-
specific integrated circuits (ASICs) adapted to perform some
or all of the applicable functions in hardware. Alternatively,
the functions may be performed by one or more other pro-
cessing units (or cores), on one or more integrated circuits. In
other embodiments, other types of integrated circuits may be
used (e.g., Structured/Platform ASICs, Field Programmable
Gate Arrays (FPGAs), and other Semi-Custom ICs), which
may be programmed in any manner known in the art. The
functions of each unit may also be implemented, in whole or
in part, with instructions embodied in a memory, formatted to
be executed by one or more general or application-specific
processors.

FIG. 16 is a block diagram of a system 1600 for uplink
reporting in multifiow operation in accordance with various
embodiments. This system 1600 may be an example of the
system 100 of FIG. 1, the system 200 of FIG. 2, the system
600 of FIG. 6, the system 800 of FIG. 8, and/or the system
1500 of FIG. 15. The base station 105-¢ and/or device 115-¢
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may be capable of Multiple-Input, Multiple-Output (MIMO)
communications using multiple antennas. The base station
105-¢ may be equipped with antennas 1634-a through 1634-
x, and the mobile device 115-¢ may be equipped with anten-
nas 1652-a through 1652-n. Base station 105-¢ may be an
example of eNBs 605 and/or 805 as illustrated in FIG. 6
and/or FIG. 8.

Atthe base station 105-¢, a transmitter processor 1620 may
receive data from a data source. The transmitter processor
1620 may process the data. The transmitter processor 1620
may also generate reference symbols, and a cell-specific ref-
erence signal. A transmit (TX) MIMO processor 1630 may
perform spatial processing (e.g., precoding) on data symbols,
control symbols, and/or reference symbols, if applicable, and
may provide output symbol streams to the transmit modula-
tors 1632-a through 1632-x. Each modulator 1632 may pro-
cess a respective output symbol stream (e.g., for OFDM, etc.)
to obtain an output sample stream. Each modulator 1632 may
further process (e.g., convert to analog, amplify, filter, and
upconvert) the output sample stream to obtain a downlink
(DL) signal. In one example, DL signals from modulators
1632-a through 1632-x may be transmitted via the antennas
1634-a through 1634-x, respectively.

The transmitter processor 1620 may receive information
from a processor 1640. The processor 1640 may be config-
ured to determine uplink service ratios for UEs in concurrent
communication with the base station 105-¢ and one or more
other serving base stations. For example, the device base
station 105-e may be serving a UE 115 for uplink communi-
cation. The UE 115 may be in concurrent uplink communi-
cation with another base station 105 using multiflow opera-
tion. The processor 1640 may calculate an uplink service ratio
that allocates a portion of uplink service of the UE to the base
station 105-¢ and another portion of uplink service of the UE
to the other base station. The processor 1640 may send scaling
coefficients to the UE for use in buffer status reporting to the
base station 105-¢ and the other base station. The processor
1640 may determine loading of the base station 105-e relative
to other base stations that may be serving some of the same
UEs in multiflow operation. The processor 1640 may deter-
mine the uplink service ratios for UEs based at least in part on
the relative loading of the base station 105-¢ and the other
base stations. In some embodiments, the processor 1640 may
be implemented as part of a general processor, the transmitter
processor 1620, and/or the receiver processor 1638. A
memory 1642 may be coupled with the processor 1640.

At the mobile device 115-¢, the mobile device antennas
1652-a through 1652-» may receive the DL signals from the
base station 105-a and may provide the received signals to the
demodulators 1654-a through 1654-n, respectively. Each
demodulator 1654 may condition (e.g., filter, amplify, down-
convert, and digitize) a respective received signal to obtain
input samples. Each demodulator 1654 may further process
the input samples (e.g., for OFDM, etc.) to obtain received
symbols. A MIMO detector 1656 may obtain received sym-
bols from all the demodulators 1654-a through 1654-7, per-
form MIMO detection on the received symbols if applicable,
and provide detected symbols. A receiver processor 1658 may
process (e.g., demodulate, deinterleave, and decode) the
detected symbols, providing decoded data for the mobile
device 115-¢ to a data output, and provide decoded control
information to a processor 1680, or memory 1682.

On the uplink (UL), at the mobile device 115-¢, a transmit-
ter processor 1664 may receive and process data from a data
source. The transmitter processor 1664 may also generate
reference symbols for a reference signal. The symbols from
the transmitter processor 1664 may be precoded by a transmit
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MIMO processor 1666 if applicable, further processed by the
demodulators 1654-a through 1654-7 (e.g., for SC-FDMA,
etc.), and be transmitted to the base station 105-¢ in accor-
dance with the transmission parameters received from the
base station 105-¢. At the base station 105-¢, the UL signals
from the mobile device 115-¢ may be received by the anten-
nas 1634, processed by the demodulators 1632, detected by a
MIMO detector 1636 if applicable, and further processed by
a receiver processor. The receiver processor 1638 may pro-
vide decoded data to a data output and to the processor 1680.
In some embodiments, the processor 1680 may be imple-
mented as part of a general processor, the transmitter proces-
sor 1664, and/or the receiver processor 1658.

In some embodiments, the processor 1680 is configured to
perform uplink reporting in multiflow operation between the
UE 115-¢ and multiple eNBs 105. In some embodiments,
processor 1680 utilizes bearer level splitting for uplink
reporting where the UE 115-¢ associates bearers or logical
channel groups (LCGs) with eNBs for uplink reporting. For
these embodiments, the processor 1680 may perform uplink
reporting independently for each eNB based on the available
data for uplink transmission in the LCG buffers associated
with each eNB. In some embodiments, processor 1680 uti-
lizes packet level splitting where the UE 115-e groups buffers
for all LCGs into a common pool for uplink reporting. In
these embodiments, the processor 1680 may perform uplink
reporting based on the total amount of data available for
transmission in a common buffer pool including data in all
LCGs of the UE 115-e. The processor 1680 may determine
and/or apply scaling coefficients to the amount of data in the
common buffer pool for uplink reporting.

The detailed description set forth above in connection with
the appended drawings describes exemplary embodiments
and does not represent the only embodiments that may be
implemented or that are within the scope of the claims. The
term “exemplary” used throughout this description means
“serving as an example, instance, or illustration,” and not
“preferred” or “advantageous over other embodiments.” The
detailed description includes specific details for the purpose
of providing an understanding of the described techniques.
These techniques, however, may be practiced without these
specific details. In some instances, well-known structures and
devices are shown in block diagram form in order to avoid
obscuring the concepts of the described embodiments.

Information and signals may be represented using any of a
variety of different technologies and techniques. For
example, data, instructions, commands, information, signals,
bits, symbols, and chips that may be referenced throughout
the above description may be represented by voltages, cur-
rents, electromagnetic waves, magnetic fields or particles,
optical fields or particles, or any combination thereof.

The various illustrative blocks and modules described in
connection with the disclosure herein may be implemented or
performed with a general-purpose processor, a digital signal
processor (DSP), an application-specific integrated circuit
(ASIC), a field programmable gate array (FPGA) or other
programmable logic device, discrete gate or transistor logic,
discrete hardware components, or any combination thereof
designed to perform the functions described herein. A gen-
eral-purpose processor may be a microprocessor, but in the
alternative, the processor may be any conventional processor,
controller, microcontroller, or state machine. A processor
may also be implemented as a combination of computing
devices, e.g., a combination of a DSP and a microprocessor,
multiple microprocessors, one or more microprocessors in
conjunction with a DSP core, or any other such configuration.
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The functions described herein may be implemented in
hardware, software/firmware, or combinations thereof. If
implemented in software/firmware, the functions may be
stored on or transmitted over as one or more instructions or
code on a computer-readable medium. Other examples and
implementations are within the scope and spirit of the disclo-
sure and appended claims. For example, due to the nature of
software/firmware, functions described above can be imple-
mented using software/firmware executed by, e.g., a proces-
sor, hardware, hardwiring, or combinations thereof. Features
implementing functions may also be physically located at
various positions, including being distributed such that por-
tions of functions are implemented at different physical loca-
tions. Also, as used herein, including in the claims, “or” as
used in a list of items prefaced by “at least one of” indicates a
disjunctive list such that, for example, a list of “at least one of
A,B,orC”means AorBorCorABorAC or BCor ABC (i.e.,
A and B and C).

Computer-readable media includes both computer storage
media and communication media including any medium that
facilitates transfer of a computer program from one place to
another. A storage medium may be any available medium that
can be accessed by a general-purpose or special-purpose
computer. By way of example, and not limitation, computer-
readable media can comprise RAM, ROM, EEPROM, CD-
ROM or other optical disk storage, magnetic disk storage or
other magnetic storage devices, or any other medium that can
be used to carry or store desired program code means in the
form of instructions or data structures and that can be
accessed by a general-purpose or special-purpose computer,
or a general-purpose or special-purpose processor. Also, any
connection is properly termed a computer-readable medium.
For example, if the software/firmware is transmitted from a
website, server, or other remote source using a coaxial cable,
fiber optic cable, twisted pair, digital subscriber line (DSL), or
wireless technologies such as infrared, radio, and microwave,
then the coaxial cable, fiber optic cable, twisted pair, DSL, or
wireless technologies such as infrared, radio, and microwave
are included in the definition of medium. Disk and disc, as
used herein, include compact disc (CD), laser disc, optical
disc, digital versatile disc (DVD), floppy disk and Blu-ray
disc where disks usually reproduce data magnetically, while
discs reproduce data optically with lasers. Combinations of
the above are also included within the scope of computer-
readable media.

The previous description of the disclosure is provided to
enable a person skilled in the art to make or use the disclosure.
Various modifications to the disclosure will be readily appar-
ent to those skilled in the art, and the generic principles
defined herein may be applied to other variations without
departing from the spirit or scope of the disclosure. Through-
out this disclosure the term “example” or “exemplary” indi-
cates an example or instance and does not imply or require
any preference for the noted example. Thus, the disclosure is
notto be limited to the examples and designs described herein
but is to be accorded the widest scope consistent with the
principles and novel features disclosed herein.

What is claimed is:

1. A method of wireless communication by a user equip-
ment (UE) in communication with a first cell and a second
cell, comprising:

establishing a first component carrier at the UE associated

with the first cell;

establishing a second component carrier at the UE associ-

ated with the second cell while maintaining the first
component carrier;
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determining a set of logical channel groups having avail-
able data for uplink transmission from the UE;

detecting that a first buffer status reporting condition has
occurred;

determining a first buffer status value based at least in part

on a total amount of the available data for the set of
logical channel groups upon occurrence of the first
buffer status reporting condition;

comparing the total amount of the available data to a

threshold; and

reporting the first buffer status value to the first cell, the

second cell, or both based on the comparison,

wherein the reporting comprises:

reporting the first buffer status value to the first cell when

the total amount of the available data is below the thresh-
old; and

reporting the first buffer status value to the first cell and the

second cell when the total amount of the available data is
equal to or above the threshold.

2. The method of claim 1, further comprising:

detecting that a subsequent buffer status reporting condi-

tion has occurred;
determining a second buffer status value based at least in
part on a subsequent total amount of the available data
for the set of logical channel groups upon occurrence of
the subsequent buffer status reporting condition;

comparing the subsequent total amount of the available
data to the threshold; and

discontinuing buffer status value reporting to the second

cell when the subsequent total amount of the available
data is below the threshold.

3. The method of claim 2, wherein the discontinuing buffer
status value reporting to the second cell comprises reporting
a buffer status value of zero to the second cell.

4. The method of claim 2, further comprising:

reporting the second buffer status value to the first cell

when the subsequent total amount of the available data is
below the threshold; and

reporting the second buffer status value to the first cell and

the second cell when the subsequent total amount of the
available data is equal to or above the threshold.

5. A communications device for communication with a first
cell and a second cell of a wireless communications network,
comprising:

means for establishing at the communications device a first

component carrier associated with the first cell;
means for establishing at the communications device a
second component carrier associated with the second
cell while maintaining the first component carrier;

means for determining a set of logical channel groups
having available data for uplink transmission from the
communications device;

means for detecting that a first buffer status reporting con-

dition has occurred;

means for determining a first buffer status value based at

least in part on a total amount of the available data for the
set of logical channel groups upon occurrence of the first
buffer status reporting condition;

means for comparing the total amount of the available data

to a threshold; and

means for reporting the first buffer status value to the first

cell, the second cell, or both based on the comparison,
wherein the means for reporting is configured to:

report the first buffer status value to the first cell when the

total amount of the available data is below the threshold;
and
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report the first buffer status value to the first cell and the
second cell when the total amount of the available data is
equal to or above the threshold.

6. The communications device of claim 5, further compris-
ing:

means for detecting that a subsequent buffer status report-

ing condition has occurred;

means for determining a second buffer status value based at

least in part ona subsequent total amount of the available
data for the set of logical channel groups upon occur-
rence of the subsequent buffer status reporting condi-
tion;

means for comparing the subsequent total amount of the

available data to the threshold; and

means for discontinuing bufter status value reporting to the

second cell when the subsequent total amount of the
available data is below the threshold.

7. The communications device of claim 6, wherein the
means for discontinuing buffer status value reporting to the
second cell is configured to report a buffer status value of zero
to the second cell.

8. A communications device comprising:

a memory; and

at least one processor coupled to the memory and config-

ured to:

establish, at a user equipment (UE) in communication with

a first cell and a second cell, a first component carrier
associated with the first cell;

establish at the UE a second component carrier associated

with the second cell while maintaining the first compo-
nent carrier;

determine a set of logical channel groups having available

data for uplink transmission from the UE;

detect that a first buffer status reporting condition has

occurred;

determine a first buffer status value based at least in part on

a total amount of the available data for the set of logical
channel groups upon occurrence of the first buffer status
reporting condition;

compare the total amount of the available data to a thresh-

old; and

report the first buffer status value to the first cell, the second

cell, or both based on the comparison,

wherein the at least one processor configured to report is

further configured to:

report the first buffer status value to the first cell when the

total amount of the available data is below the threshold;
and
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report the first buffer status value to the first cell and the
second cell when the total amount of the available data is
equal to or above the threshold.

9. The communications device of claim 8, the at least one
processor further configured to:

detect that a subsequent buffer status reporting condition

has occurred;

determine a second buffer status value based at least in part

on a subsequent total amount of the available data for the
set of logical channel groups upon occurrence of the
subsequent buffer status reporting condition;

compare the subsequent total amount of the available data

to the threshold; and

discontinue buffer status value reporting to the second cell

when the subsequent total amount of the available data is
below the threshold.

10. The communications device of claim 9, wherein the at
least one processor configured to discontinue buffer status
value reporting to the second cell is configured to report a
buffer status value of zero to the second cell.

11. A non-transitory computer-readable medium storing
computer executable code for wireless communication, com-
prising code for:

establishing a first component carrier at the UE associated

with the first cell;

establishing a second component carrier at the UE associ-

ated with the second cell while maintaining the first
component carrier;

determining a set of logical channel groups having avail-

able data for uplink transmission from the UE;
detecting that a first buffer status reporting condition has
occurred;

determining a first buffer status value based at least in part

on a total amount of the available data for the set of
logical channel groups upon occurrence of the first
buffer status reporting condition;

comparing the total amount of the available data to a

threshold; and

reporting the first buffer status value to the first cell, the

second cell, or both based on the comparison,

wherein the reporting comprises:

reporting the first buffer status value to the first cell when

the total amount of the available data is below the thresh-
old; and

reporting the first buffer status value to the first cell and the

second cell when the total amount of the available data is
equal to or above the threshold.
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